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Description
[Technical Field]

[0001] The present invention relates to a refrigeration
cycle apparatus and a hot water producing apparatus
composed of a cascade refrigeration cycle in which a low
temperature-side refrigerant circuit and a high tempera-
ture-side refrigerant circuit are connected to each other
through a cascade heat exchanger.

[Background Technique]

[0002] In a conventional refrigeration cycle apparatus
of this kind, a cascade refrigeration cycle is used for pro-
ducing high temperature hot air or hot water (e.g., see
patent document 1). A refrigeration cycle apparatus ac-
cording to the preamble of claim 1 is disclosed in patent
document D1.

[0003] Fig. 5 shows a conventional refrigeration cycle
apparatus described in the patent document 1. As shown
in Fig. 5, the refrigeration cycle apparatus 100 includes
a low temperature-side refrigerant circuit 110 through
which a low temperature-side refrigerant is circulated, a
high temperature-side refrigerant circuit 120 through
which a high temperature-side refrigerant is circulated,
and a hot water circuit 130 through which hot water is
circulated. The low temperature-side refrigerant circuit
110 is formed by sequentially annularly connecting, to
each other through refrigerant pipes, a low temperature-
side compressor 111, a cascade heat exchanger 112, a
low temperature-side expansion valve 113 and an evap-
orator 114. The cascade heat exchanger 112 exchanges
heat with a high temperature-side refrigerant and func-
tions as a condenser.

[0004] The high temperature-side refrigerant circuit
120 is formed by sequentially annularly connecting, to
one another through refrigerant pipes, a high tempera-
ture-side compressor 121, a high temperature-side heat
exchanger 122, a high temperature-side expansion valve
123 and the cascade heat exchanger 112. The high tem-
perature-side heat exchanger 122 exchanges heat with
hot water and functions as a condenser. The cascade
heat exchanger 112 exchanges heat with a low temper-
ature-side refrigerant and functions as an evaporator.
[0005] The hot water circuit 130 is formed by sequen-
tially annularly connecting, to one another through pipes,
a circulation pump 131, the high temperature-side heat
exchanger 122 and a radiator 132 such as a hot water
tank and afan convector. The high temperature-side heat
exchanger 122 exchanges heat with a high temperature-
side refrigerant to produce hot water.

[0006] The refrigeration cycle apparatus 100 includes
apressure sensor 151 which detects pressure (compres-
sor discharge pressure) Pd of a refrigerant discharged
from the low temperature-side compressor 111. When
the low temperature-side compressor 111 and the high
temperature-side compressor 121 are to be started from
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their stopped states, a compressor controller 141 first
starts the low temperature-side compressor 111, and af-
ter the discharge pressure Pd detected by the pressure
sensor 151 becomes equal to or higher than predeter-
mined pressure, the compressor controller 141 starts the
high temperature-side compressor 121.

[Prior Art Document]
[Patent Document]

[0007] [Patent Document 1] Japanese Patent Applica-
tion Laid-open N0.2010-196951

[Summary of the Invention]
[Problem to be Solved by the Invention]

[0008] According to the conventional configuration,
however, after a long-time operation stopped state, in a
state where a temperature of hot water heated by the
high temperature-side refrigerant by heat accumulation
of the hot water tank or the like is high, a condensation
temperature in the high temperature-side heat exchang-
eris high, and an evaporation temperature in the cascade
heat exchanger is high due to an antecedent operation
of the low temperature-side compressor. Hence, in the
case of a high pressure shell type high temperature-side
compressor, when the compressor starts, the high tem-
perature-side discharge pressure abruptly rises.

[0009] On the other hand, a shell temperature of the
high temperature-side compressor gradually rises from
a low temperature due to its long-time stopped state.
Hence, the discharged refrigerant condenses in the shell
of the high temperature-side compressor and becomes
a liquid refrigerant, it is mixed with oil in the shell of the
high temperature-side compressor and in this state, a
large amount of liquid refrigerant is discharged from the
compressor into a system. As a result, an oil amount of
the high temperature-side compressor becomes insuffi-
cient. In the worst case, there is a possibility that the high
temperature-side compressoris damaged, and reliability
of the apparatus can not be secured.

[0010] To prevent oil from being discharged when the
high temperature-side compressor is started caused by
condensation of a refrigerant in the shell of the high tem-
perature-side compressor, the shell of the high temper-
ature-side compressor which is under suspension is
heated by a heater, and a shell temperature of the high
temperature-side compressor is previously maintained
at a high value. In such a case, extremely large standby
electricity is consumed, and energy-saving performance
is deteriorated.

[0011] The present invention has been accomplished
to solve the conventional problem, and it is an object of
the invention to provide an energy-saving reliable refrig-
eration cycle apparatus capable of avoiding oil shortage
of the high temperature-side compressor by appropriate-
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ly starting the high pressure shell type high temperature-
side compressor.

[Means for Solving the Problem]

[0012] To solve the conventional problem, the present
invention provides a refrigeration cycle apparatus com-
prising: a low temperature-side refrigerant circuit includ-
ing a low temperature-side compressor which compress-
es a low temperature-side refrigerant, a cascade heat
exchanger which functions as a radiator of the low tem-
perature-side refrigerant, low temperature-side expand-
ing means, and a low temperature-side heat exchanger
which functions as an evaporator of the low temperature-
side refrigerant; a high temperature-side refrigerant cir-
cuitincluding a high temperature-side compressor which
compresses a high temperature-side refrigerant, a high
temperature-side heat exchanger which functions as a
radiator of the high temperature-side refrigerant, high
temperature-side expanding means, and the cascade
heat exchanger which functions as an evaporator of the
high temperature-side refrigerant by radiation of the low
temperature-side refrigerant; a first temperature sensor
which detects atemperature of the high temperature-side
compressor or a temperature of a high pressure-side re-
frigerant pipe extending to the high temperature-side
heat exchanger; a second temperature sensor which de-
tects a temperature of a heating medium which exchang-
es heat with the high temperature-side refrigerant in the
high temperature-side heat exchanger; and a control ap-
paratus, wherein when a temperature detected by the
second temperature sensor is higher than a temperature
detected by the first temperature sensor by a predeter-
mined temperature difference or more, the control appa-
ratus is configured to start the high temperature-side
compressor and then, to start the low temperature-side
compressor and wherein the refrigeration cycle appara-
tus further comprises a first superheat degree detecting
means which detects a superheat degree of a refrigerant
discharged from the high temperature-side compressor
in the high temperature-side refrigerant circuit, and
wherein the control apparatus is configured to reduce a
circulation amount of the high temperature-side refriger-
ant to a value equal to or lower than a predetermined
value and to operate the refrigeration cycle apparatus
until the superheat degree detected by the first superheat
degree detecting means exceeds a predetermined first
superheat degree.

[0013] According to this configuration, since the low
temperature-side refrigerant circuit is stopped when the
refrigeration cycle apparatus is started, a heat absorbing
source of the high temperature-side refrigerant circuit is
not supplied in the cascade heat exchanger. Suction
pressure of the high temperature-side compressor is re-
duced, and a refrigerant circulation amount of the high
temperature-side refrigerant circuit is reduced.

[0014] Therefore, since a shell temperature of the high
temperature-side compressor rises in a state where dis-
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charge pressure rise of the high temperature-side com-
pressor is suppressed, condensation of a refrigerant in
the shell of the high temperature-side compressor is sup-
pressed, and an oil discharging amount is reduced.

[Effect of the Invention]

[0015] According to the presentinvention, itis possible
to provide an energy-saving reliable refrigeration cycle
apparatus capable of avoiding oil shortage of a high tem-
perature-side compressor by appropriately starting the
high temperature-side compressor and a low tempera-
ture-side compressor.

[Brief Description of the Drawings]
[0016]

Fig. 1is a schematic block diagram of a refrigeration
cycle apparatus according to a first embodiment of
the present invention;

Fig. 2is a diagram showing change with the passage
of time of a refrigeration cycle when an operation of
a conventional refrigeration cycle apparatus is start-
ed;

Fig. 3is adiagram showing change with the passage
of time of a refrigeration cycle when an operation of
a refrigeration cycle apparatus of the first embodi-
ment of the invention is started;

Fig. 4 is a flowchart of operation control of the refrig-
eration cycle apparatus of the first embodiment of
the invention; and

Fig. 5 is a schematic block diagram of the conven-
tional refrigeration cycle apparatus.

[Explanation of Symbols]
[0017]

1A refrigeration cycle apparatus

2 low temperature-side refrigerant circuit

3 high temperature-side refrigerant circuit

4 control apparatus

21 low temperature-side compressor

22 cascade heat exchanger

23 low temperature-side expansion valve (low tem-
perature-side expanding means)

24 low temperature-side heat exchanger

31 high temperature-side compressor

32 high temperature-side heat exchanger

33 high temperature-side expansion valve (high tem-
perature-side expanding means)

51 first temperature sensor

52 second temperature sensor

53 third temperature sensor

61 first superheat degree detecting means

62 second superheat degree detecting means
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[Mode for Carrying out the Invention]

[0018] A first aspect of the invention provides a refrig-
eration cycle apparatus comprising: a low temperature-
side refrigerant circuit including a low temperature-side
compressor which compresses a low temperature-side
refrigerant, a cascade heat exchanger which functions
as aradiator of the low temperature-side refrigerant, low
temperature-side expanding means, and a low temper-
ature-side heat exchanger which functions as an evap-
orator of the low temperature-side refrigerant; a high tem-
perature-side refrigerant circuit including a high temper-
ature-side compressor which compresses a high tem-
perature-side refrigerant, a high temperature-side heat
exchanger which functions as a radiator of the high tem-
perature-side refrigerant, high temperature-side expand-
ing means, and the cascade heat exchanger which func-
tions as an evaporator of the high temperature-side re-
frigerant by radiation of the low temperature-side refrig-
erant; a first temperature sensor which detects a temper-
ature of the high temperature-side compressor or a tem-
perature of a high pressure-side refrigerant pipe extend-
ing to the high temperature-side heat exchanger; a sec-
ond temperature sensor which detects a temperature of
a heating medium which exchanges heat with the high
temperature-side refrigerantin the high temperature-side
heat exchanger; and a control apparatus, wherein when
a temperature detected by the second temperature sen-
sor is higher than a temperature detected by the first tem-
perature sensor by a predetermined temperature differ-
ence or more, the control apparatus starts the high tem-
perature-side compressor and then, starts the low tem-
perature-side compressor.

[0019] Moreover, the refrigeration cycle apparatus fur-
ther includes a first superheat degree detecting means
which detects a superheat degree of a refrigerant dis-
charged from the high temperature-side compressor in
the high temperature-side refrigerant circuit, and the con-
trol apparatus reduces a circulation amount of the high
temperature-side refrigerant to a value equal to or lower
than a predetermined value and operates the refrigera-
tion cycle apparatus until the superheat degree detected
by the first superheat degree detecting means exceeds
a predetermined first superheat degree.

[0020] Since the refrigeration cycle of the low temper-
ature-side refrigerant circuit is stopped when the refrig-
eration cycle apparatus is started, a heat absorbing
source of the refrigeration cycle of the high temperature-
side refrigerant circuit is not supplied in the cascade heat
exchanger. Suction pressure of the high temperature-
side compressor is reduced, and a refrigerant circulation
amount of the high temperature-side refrigerant circuit is
reduced.

[0021] Hence, since a shell temperature of the high
temperature-side compressor rises in a state where dis-
charge pressure rise of the high temperature-side com-
pressor is suppressed, condensation of a refrigerant in
the shell of the high temperature-side compressor is sup-
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pressed, and an oil discharging amount is reduced.
[0022] Therefore, it is possible to avoid a case where
the high temperature-side compressor is damaged by
reduction in oil amount in the high temperature-side com-
pressor, standby electricity required for heating a shell
of the high temperature-side compressor which is under
suspension can be suppressed, and reliability of the ap-
paratus can be secure.

[0023] Additionally, the refrigeration cycle apparatus
is operated in a state where a circulation amount of the
high temperature-side refrigerant is small until the dis-
charged refrigerant of the high temperature-side com-
pressor is brought into the superheated state in which it
is possible to determine that condensation of the dis-
charged refrigerant in the shell of the high temperature-
side compressor is completed. Hence, a discharge
amount of oil mixed with a condensed liquid refrigerant
in the shell of the high temperature-side compressor is
further reduced.

[0024] Therefore, in addition to the effect explained
above, reliability can be secured under various installa-
tion conditions such as a condition that a pipe is long.
[0025] According to a second aspect of the invention,
in the first aspect, the refrigeration cycle apparatus fur-
ther includes a third temperature sensor which detects a
temperature a low pressure-side refrigerant in the high
temperature-side refrigerant circuit, and when a temper-
ature detected by the third temperature sensor becomes
equal to or lower than a predetermined temperature, the
control apparatus starts the low temperature-side com-
pressor.

[0026] According to this aspect, it is determined that
the evaporator temperature of the refrigeration cycle in
the high temperature-side refrigerant circuit is lowered
toatemperature equal to or lower than the predetermined
temperature, and the operation of the refrigeration cycle
in the low temperature-side refrigerant circuit is started.
Hence, the heat absorbing source of the refrigeration cy-
cle in the high temperature-side refrigerant circuit is sup-
plied in the cascade heat exchanger. Therefore, it is pos-
sible to prevent the suction pressure of the high temper-
ature-side compressor from being excessively reduced.
[0027] Therefore, itis possible to prevent the operation
of the high temperature-side compressor from departing
from a pressure using range and in addition to the effect
of the first aspect, reliability of the high temperature-side
compressor is further enhanced.

[0028] According to a third aspect of the invention, in
any one of the first to second aspects, the refrigeration
cycle apparatus further includes second superheat de-
gree detecting means which detects a superheat degree
of a refrigerant flowing out from the cascade heat ex-
changer in the high temperature-side refrigerant circuit,
and the control apparatus controls a flow rate of the high
temperature-side refrigerant flowing through the high
temperature-side expanding means such that the super-
heat degree detected by the second superheat degree
detecting means becomes equal to a predetermined sec-
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ond superheat degree.

[0029] According to this aspect, the expansion valve
is controlled such that the superheat degree of the evap-
orator outlet of the refrigeration cycle in the high temper-
ature-side refrigerant circuit becomes equal to a prede-
termined superheatdegree (e.g., large superheat degree
such as 10 deg). Therefore, the sucked refrigerant of the
high temperature-side compressor is brought into a su-
perheated state.

[0030] Hence, the shell temperature of the high tem-
perature-side compressor rises quickly, and an oil dis-
charging phenomenon caused by condensation of a re-
frigerant in the shell is completed in a short time. There-
fore, in addition to the effects of the first to second as-
pects, since the refrigeration cycle swiftly starts, comfort
is enhanced.

[0031] A fourth aspect of the invention provides a hot
water producing apparatus using the refrigeration cycle
apparatus according to any one of the first to third as-
pects, the heating medium is water or antifreeze liquid,
and the water or the antifreeze liquid heated by the high
temperature-side heat exchanger is utilized for hot water
supply and/or a room-heating.

[0032] Accordingtothis configuration, the radiator may
be any of a refrigerant-water heat exchanger and a re-
frigerant-antifreeze liquid heat exchanger. Therefore, a
heating medium which is heated by the high temperature-
side heat exchanger can widely be used for a heater (air
heater, radiator, floor heating panel and the like).
[0033] Embodiments of the present invention will be
described below with reference to the drawings. The in-
vention is not limited to the embodiments.

(First Embodiment)

[0034] Fig. 1is a schematic block diagram of a refrig-
eration cycle apparatus and a hot water producing ap-
paratus according to a first embodiment of the present
invention. In Fig. 1, the refrigeration cycle apparatus 1A
includes a low temperature-side refrigerant circuit 2
through which a low temperature-side refrigerant is cir-
culated, and a high temperature-side refrigerant circuit 3
through which a high temperature-side refrigerant is cir-
culated. As the refrigerant, itis possible to use a zeotropic
mixture refrigerant such as R407C, a pseudo-azeotropic
mixture refrigerant such as R410A and a single refriger-
ant such as R134a.

[0035] The low temperature-side refrigerant circuit 2 is
formed by sequentially annularly connecting, to each oth-
er through refrigerant pipes 26, a high pressure shell type
low temperature-side compressor 21, a cascade heat ex-
changer 22, alow temperature-side expansion valve (low
temperature-side expanding means) 23 and a low tem-
perature-side heat exchanger 24. The cascade heat ex-
changer 22 exchanges heat with a high temperature-side
refrigerant and functions as a condenser. The low tem-
perature-side heat exchanger 24 functions as an evap-
orator. In this embodiment, a four-way valve 25 is con-
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nected to a refrigerant circuit 2. The four-way valve 25
switches the refrigerant pipe 26 connected to a discharge
port of a low temperature-side compressor 21 between
the cascade heat exchanger 22 and the low temperature-
side heat exchanger 24, and switches the refrigerant pipe
26 connected to a suction port of the low temperature-
side compressor 21 between an evaporator 24 and a
radiator 22. The four-way valve 25 switches between a
normal operation and a defrosting operation.

[0036] The high temperature-side refrigerant circuit 3
is formed by sequentially annularly connecting, to one
another through refrigerant pipes 36, a high pressure
shell type high temperature-side compressor 31, a high
temperature-side heat exchanger 32, a high tempera-
ture-side expansion valve (high temperature-side ex-
panding means) 33 and the cascade heat exchanger 22.
The high temperature-side heat exchanger 32 functions
as a condenser. The cascade heat exchanger 22 ex-
changes heat with a low temperature-side refrigerantand
functions as an evaporator. In this embodiment, a four-
way valve 35 is connected to a refrigerant circuit 3. The
four-way valve 35 switches the refrigerant pipe 36 con-
nected to a discharge port of the high temperature-side
compressor 31 between a high temperature-side heat
exchanger 32 and the cascade heat exchanger 22, and
switches the refrigerant pipe 36 connected to a suction
port of the high temperature-side compressor 31 be-
tween the high temperature-side heat exchanger 32 and
the cascade heat exchanger 22. The four-way valve 35
switches between a normal operation and a defrosting
operation.

[0037] In this embodiment, the refrigeration cycle ap-
paratus 1A constitutes heating means of a hot water pro-
ducing apparatus which utilizes hot water produced by
the heating means for hot water supply and a room-heat-
ing. The high temperature-side heat exchanger 32 is a
heat exchanger which exchanges heat between water
and a high temperature-side refrigerant to heat the water.
[0038] More specifically, the refrigeration cycle appa-
ratus 1A includes a hot water circuit 7 formed by annularly
connecting, to one another through pipes, a high tem-
perature-side heat exchanger 32, a hot water pump 71
and a radiator 72 such as a hot water tank and a fan
convector. Hot water heated by the high temperature-
side heat exchanger 32 radiates heat in the radiator 72,
and heat accumulation and room-heating is carried out.
[0039] Inthe normaloperation, in the low temperature-
side refrigerant circuit 2, a refrigerant discharged from
the low temperature-side compressor 21 is sent to the
cascade heat exchanger 22 through the four-way valve
25, and in the high temperature-side refrigerant circuit 3,
a refrigerant discharged from the high temperature-side
compressor 31 is sent to the high temperature-side heat
exchanger 32 through the four-way valve 35. In the de-
frosting operation, in the low temperature-side refrigerant
circuit 2, a refrigerant discharged from the low tempera-
ture-side compressor 21 is sent to the low temperature-
side heat exchanger 24 through the four-way valve 25,
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and in the high temperature-side refrigerant circuit 3, a
refrigerant discharged from the high temperature-side
compressor 31 is sent to the cascade heat exchanger 22
through the four-way valve 35.

[0040] A variation of a state of a refrigerant in the nor-
mal operation will be described below. In Fig. 1, arrows
show flowing directions of the refrigerant at the time of
the normal operation.

[0041] Inthe low temperature-side refrigerant circuit 2,
a high pressure low temperature-side refrigerant dis-
charged from the low temperature-side compressor 21
flows into the cascade heat exchanger 22. The high pres-
sure low temperature-side refrigerant exchanges heat
with a low pressure high temperature-side refrigerant in
the refrigeration cycle which circulates through the high
temperature-side refrigerant circuit 3, and radiates heat.
[0042] The high pressure low temperature-side refrig-
erant which flows out from the cascade heat exchanger
22 is decompressed by a low temperature-side expan-
sion valve 23 and is expanded and then, the refrigerant
flows into the low temperature-side heat exchanger 24.
The low pressure low temperature-side refrigerant which
flows into the low temperature-side heat exchanger 24
absorbs heat from air here, and evaporates. The low
pressure low temperature-side refrigerant evaporated in
the low temperature-side heat exchanger 24 is again
sucked into the low temperature-side compressor 21.
[0043] In the high temperature-side refrigerant circuit
3, on the other hand, a low pressure high temperature-
side refrigerant in the refrigeration cycle which circulates
through the high temperature-side refrigerant circuit 3 is
heated by heat radiation of the low temperature-side re-
frigerant in the cascade heat exchanger 22, and the high
temperature-side refrigerant is evaporated. The low
pressure high temperature-side refrigerant evaporated
in the cascade heat exchanger 22 is sucked into the high
temperature-side compressor 31, and this high temper-
ature-side refrigerant is compressed to possible high
pressure in the refrigeration cycle and then, is dis-
charged.

[0044] The high pressure high temperature-side refrig-
erant discharged from the high temperature-side com-
pressor 31 flows into the high temperature-side heat ex-
changer 32, exchanges heat with a water medium which
circulates through the hot water circuit 7 by the hot water
pump 71, and radiates heat. The high pressure high tem-
perature-side refrigerant which flows out from the high
temperature-side heat exchanger 32 is decompressed
by the high temperature-side expansion valve 33 and
expanded and then, again flows into the cascade heat
exchanger 22.

[0045] As described above, the refrigeration cycle ap-
paratus 1A of the embodiment has such a configuration
that the low pressure high temperature-side refrigerant
which circulates through the high temperature-side re-
frigerant circuit 3 is heated by radiation of the high pres-
sure low temperature-side refrigerant which circulates
through the low temperature-side refrigerant circuit 2. A
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condensation temperature of the refrigeration cycle in
the high temperature-side refrigerant circuit 3 can be
higher than a condensation temperature of the refriger-
ation cycle in the low temperature-side refrigerant circuit
2. Therefore, it is possible to obtain a high temperature
water medium by the radiation of the high temperature-
side refrigerant in the high temperature-side heat ex-
changer 32.

[0046] However, in a state where a temperature of the
water medium is higher than a shell temperature of the
high temperature-side compressor 31 and atemperature
difference therebetween is large (for example, a heating
operation for bringing a water medium into a high tem-
perature state by the refrigeration cycle apparatus 1A is
carried out and after the high temperature-side compres-
sor 31 is stopped due to thermostat OFF, the shell tem-
perature of the high temperature-side compressor 31 is
lowered to a temperature close to ambient temperature),
if the heating operation is started, a large amount of oil
in the high temperature-side compressor 31 is dis-
charged, and the high temperature-side compressor 31
is damaged due to oil supply failure in the high temper-
ature-side compressor 31.

[0047] Under the above described environment condi-
tion, if the low temperature-side compressor 21 and the
high temperature-side compressor 31 are operated by
start of the heating operation, since the temperature of
the water medium which radiates heat is high in the high
temperature-side heat exchanger 32 and since a heat
absorbing source is sufficiently supplied by the high pres-
sure low temperature-side refrigerant which circulates
through the low temperature-side refrigerant circuit 2 in
the cascade heat exchanger 22, discharge pressure in
the high temperature-side compressor 31 abruptly rises.
[0048] On the other hand, the shell temperature of the
high temperature-side compressor 31 is increased by the
compressing operation, but the shell temperature grad-
ually rises from the ambient temperature of the high tem-
perature-side compressor 31 due to heat capacity of the
high temperature-side compressor 31 itself. Hence, the
shell temperature of the high temperature-side compres-
sor 31 becomes lower than the discharge pressure sat-
uration temperature as shown in a section a-b in Fig. 2,
the high temperature-side refrigerant discharged in the
high temperature-side compressor 31 exchanges heat
with the shell of the high temperature-side compressor
31, and the high temperature-side refrigerant is con-
densed.

[0049] Thehightemperature-side refrigerant which be-
comes a liquid refrigerant by condensation is mixed with
oil in the high temperature-side compressor 31, and a
large amount of the mixture is discharged from the high
temperature-side compressor 31 due to a rise of a liquid
level (oil + liquid refrigerant) while diluting the oil in the
shell. Thereafter, if the shell temperature of the high tem-
perature-side compressor 31 becomes higher than the
discharge pressure saturation temperature as shown in
Fig. 2 after b, since arefrigerant componentin the diluted
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oil is evaporated, the liquid level is lowered at once, and
the liquid level becomes lower than a level at which oil
can be supplied.

[0050] In the above-described environment condition,
to prevent a large amount of oil in the high temperature-
side compressor 31 from being discharged, if the shell
of the high temperature-side compressor 31 which is un-
der suspension is heated using a heating source such
as a heater, standby electricity becomes large, and en-
ergy-saving performance is deteriorated.

[0051] To produce a high temperature water medium
by the hot water producing apparatus, to use the hot wa-
ter producing apparatus and the refrigeration cycle ap-
paratus in wide usage or under wide environment con-
dition, and to secure energy-saving performance of the
hot water producing apparatus and the refrigeration cycle
apparatus and reliability of the apparatuses, it is impor-
tant to restrain oil from being discharged at the time of
starting operation of the apparatus.

[0052] Although details will be described later, in the
embodiment, when the heating operation is started in a
state where a temperature of a water medium is higher
than a shell temperature of the high temperature-side
compressor 31 by a predetermined temperature, the con-
trol apparatus 4 starts only the high temperature-side
compressor 31 in a state where the low temperature-side
compressor 21 is stopped. At this time, the heating op-
eration is carried out in a state where the number of ro-
tations of the high temperature-side compressor 31 is
reduced such that the circulation amount of the high tem-
perature-side refrigerant becomes equal to or lower than
a predetermined circulation amount.

[0053] The control apparatus 4 controls the high tem-
perature-side expansion valve 33 such that a superheat
degree of a refrigerant flowing out from the cascade heat
exchanger 22 in the high temperature-side refrigerant
circuit 3 becomes equal to a predetermined superheat
degree. According to this configuration, as shown in a
section a-b in Fig. 3, in the cascade heat exchanger 22,
since a heat absorbing source is not supplied from the
low temperature-side refrigerant circuit 2, suction pres-
sure in the high temperature-side compressor 31 is re-
duced, the high temperature-side compressor 31 is op-
erated with low number of rotations, the circulation
amount is reduced and the rising speed of the discharge
pressure is reduced.

[0054] The high temperature-side compressor 31
sucks a superheated refrigerant and according to this
suction, the rising speed of the shell temperature of the
high temperature-side compressor 31 rises. Hence, con-
densation of the discharged refrigerant in the shell of the
high temperature-side compressor 31 is completed in a
short time, the discharged refrigerant is mixed with con-
densed liquid refrigerant and an amount of oil flowing into
a system is largely reduced.

[0055] The control apparatus 4 detects a temperature
(evaporation temperature) of an inlet of the cascade heat
exchanger 22 in which a high temperature-side refriger-
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ant in the high temperature-side refrigerant circuit 3 is
brought into gas-liquid two phase-state. When the evap-
oration temperature is reduced to a predetermined tem-
perature whichis set to such a level that suction pressure
of the high temperature-side compressor 31 does not
depart from a pressure using range of the high temper-
ature-side compressor, the control apparatus 4 starts the
low temperature-side compressor 21, a heat absorbing
source is supplied to the high temperature-side refriger-
ant from a high pressure high temperature low temper-
ature-side refrigerant which is discharged from the low
temperature-side compressor 21 in the cascade heat ex-
changer 22, and the suction pressure is increased to ap-
propriate pressure.

[0056] Therefore, since an oil amount in the high tem-
perature-side compressor at the time of start is held with-
out using a heating heater of the shell of the high tem-
perature-side compressor 31, the energy-saving per-
formance and reliability of the refrigeration cycle appa-
ratus 1A are secured.

[0057] Action of operation control will be described be-
low.
[0058] The high temperature-side refrigerant circuit 3

is provided with a first temperature sensor 51 which de-
tects a shell temperature (high temperature-side com-
pressor swell temperature) Td of the high temperature-
side compressor 31, first superheat degree detecting
means 61 which detects a superheat degree (high tem-
perature-side discharge superheat degree) SHd of a re-
frigerant discharged from the high temperature-side
compressor 31, a third temperature sensor 53 which de-
tects a temperature (high temperature-side evaporation
temperature) Tei of a refrigerant flowing into the cascade
heat exchanger 22, and second superheat degree de-
tecting means 62 which detects a superheatdegree (high
temperature-side suction superheat degree) SHe of a
refrigerant flowing out from the cascade heat exchanger
22.

[0059] The hotwater circuit 7 is provided with a second
temperature sensor 52 which detects a temperature (hot
water inlet temperature) Tw of a water medium flowing
into the high temperature-side heat exchanger 32. In this
embodiment, the first superheat degree detecting means
61 detects pressure of a refrigerant discharged from the
high temperature-side compressor 31, and calculates a
saturation temperature (discharge pressure saturation
temperature) STd of this pressure from a refrigerant
physical property equation.

[0060] The high temperature-side discharge super-
heat degree SHd is calculated by SHd=Td-STd. The sec-
ond superheat degree detecting means 62 detects a tem-
perature Teo of arefrigerant flowing out from the cascade
heat exchanger 22, and calculates the high temperature-
side suction superheat degree SHe by SHe=Teo-Tei.
[0061] Based on detection values detected by the var-
ious sensors 51, 52,53, 61 and 62, the control apparatus
4 controls the number of rotations of the low temperature-
side compressor 21, the number of rotations of the high
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temperature-side compressor 31, switching operations
of the low temperature-side four-way valve 25 and the
high temperature-side four-way valve 35, and opening
degrees of the low temperature-side expansion valve 23
and the high temperature-side expansion valve 33.
[0062] In this embodiment, when the hot water inlet
temperature Tw is higher than the high temperature-side
compressor shell temperature Td by a predetermined
temperature difference Tx or more, the control apparatus
4 starts the high temperature-side compressor 31 and
then starts the low temperature-side compressor 21.
[0063] When the high temperature-side evaporation
temperature Tei becomes equal to or lower than a pre-
determined temperature difference Tx, the control appa-
ratus 4 starts the low temperature-side compressor 21.
[0064] Until the high temperature-side discharge su-
perheat degree SHd exceeds a predetermined first su-
perheat degree SHx, the control apparatus 4 reduces the
number of rotations of the high temperature-side com-
pressor 31 to a predetermined value or smaller and op-
erates the high temperature-side compressor 31.
[0065] The control apparatus 4 adjusts a valve opening
degree of the high temperature-side expansion valve 33
such that the high temperature-side suction superheat
degree SHe becomes equal to a predetermined second
superheat degree SHYy.

[0066] Next, control of the control apparatus 4 at the
time of the normal operation will be described in detail
with reference to a flowchart shown in Fig. 4.

[0067] First, the control apparatus 4 receives heating
operation start instructions which are input through a re-
mote control or the like (step 1 (S1)), and operates the
hot water pump 71 (step 2).

[0068] Next, the second temperature sensor 52 de-
tects the hot water inlet temperature Tw, the first temper-
ature sensor 51 detects the high temperature-side com-
pressor shell temperature Td (step 3), and a temperature
difference Ta between the hot water inlet temperature
Tw and the high temperature-side compressor shell tem-
perature Td is calculated by Ta=Tw-Td (step 4) .

[0069] Next, the control apparatus 4 compares the
temperature difference Ta and the predetermined tem-
perature difference Tx with each other, and determines
whether the temperature difference Tais equal to or high-
er than the predetermined temperature difference Tx
(step 5).

[0070] If the temperature difference Ta is lower than
the predetermined temperature difference Tx (NO in step
5), it is determined that a high temperature-side dis-
charged refrigerant is not easily condensed in the shell
ofthe high temperature-side compressor 31, and the start
control is completed.

[0071] If the temperature difference Ta is equal to or
higher than the predetermined temperature difference Tx
(YES in step 5), it is determined that the high tempera-
ture-side discharged refrigerant is easily condensed in
the shell of the high temperature-side compressor 31,
and only the high temperature-side compressor 31 is
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started (step 6).

[0072] Thereafter, the third temperature sensor 53 de-
tects the high temperature-side evaporation temperature
Tei (step 7), the control apparatus 4 compares the high
temperature-side evaporation temperature Tei and the
predetermined temperature difference Tx with each oth-
er, and determines whether the high temperature-side
evaporation temperature Tei is equal to or lower than the
predetermined temperature difference Tx, and deter-
mines whether the low temperature-side compressor 21
is being stopped (step 8).

[0073] If the high temperature-side evaporation tem-
perature Tei is equal to or lower than the predetermined
temperature difference Tx and the low temperature-side
compressor 21 is being stopped (YES in step 8), it is
determined that suction pressure of the high tempera-
ture-side compressor 31 is close to alower limit of a pres-
sure using range of the high temperature-side compres-
sor 31, the low temperature-side compressor 21 is start-
ed, and a high temperature high pressure low tempera-
ture-side refrigerant is supplied to the cascade heat ex-
changer 22 as a heat absorbing source (step 9).

[0074] If the high temperature-side evaporation tem-
perature Tei is higher than the predetermined tempera-
ture difference Tx or if the low temperature-side com-
pressor 21 is being operated (NO in step 8), the proce-
dure is proceeded to step 10.

[0075] Next, the control apparatus 4 detects the high
temperature-side discharge superheat degree SHd by
means of the first superheat degree detecting means 61,
and detects the high temperature-side suction superheat
degree SHe by means of the second superheat degree
detecting means 62 (step 10).

[0076] The high temperature-side discharge super-
heat degree SHd and the predetermined first superheat
degree SHx are compared with each other, and it is de-
termined whether the high temperature-side discharge
superheat degree SHd is equal to or lower than the pre-
determined first superheat degree SHx (step 11). If the
high temperature-side discharge superheat degree SHd
is greater than the predetermined first superheat degree
SHx (NO in step 11), it is determined that condensation
of the high temperature-side discharged refrigerantin the
shell of the high temperature-side compressor 31 is com-
pleted, and the start control is completed.

[0077] If the high temperature-side discharge super-
heat degree SHd is equal to or lower than the predeter-
mined first superheat degree SHx (YES in step 11), itis
determined that it is necessary to prevent condensation
of a refrigerant in the shell of the high temperature-side
compressor 31, the number of rotations of the high tem-
perature-side compressor 31 is reduced such that a re-
frigerant circulation amount in the high temperature-side
refrigerant circuit 3 becomes equal to or lower than a
predetermined value and the high temperature-side com-
pressor 31 is operated (step 12), and the opening degree
of the high temperature-side expansion valve 33 is ad-
justed such that the high temperature-side suction su-
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perheat degree SHe becomes equal to the predeter-
mined second superheat degree SHy (step 13). Then,
the procedure is returned to step 7.

[0078] As described above, in this embodiment, the
refrigeration cycle apparatus includes the control appa-
ratus 4, the first temperature sensor 51 which detects a
shell temperature of the high temperature-side compres-
sor 31 in the high temperature-side refrigerant circuit 3,
the first superheat degree detecting means 61 which de-
tects a superheat degree of arefrigerant discharged from
the high temperature-side compressor, the third temper-
ature sensor 53 which detects a temperature of a refrig-
erant flowing into the cascade heat exchanger 22, the
second superheat degree detecting means 62 which de-
tects a superheat degree of a refrigerant flowing out from
the cascade heat exchanger 22, and the second temper-
ature sensor 52 which detects a hot water inlet temper-
ature Tw of a water medium flowing into the high tem-
perature-side heat exchanger 32 in the hot water circuit 7.
[0079] Atthe time of start of the operation when a tem-
perature detected by the second temperature sensor 52
becomes higher than a temperature detected by the first
temperature sensor 51 by the predetermined tempera-
ture difference Tx or more, the control apparatus 4 per-
forms control such that the high temperature-side com-
pressor 31 is started and then, the low temperature-side
compressor 21 is started. According to this control, when
the operation is started, since the refrigeration cycle in
the low temperature-side refrigerant circuit 2 is stopped,
a heat absorbing source of the refrigeration cycle in the
high temperature-side refrigerant circuit 3 is not supplied
in the cascade heat exchanger 22. Therefore, suction
pressure of the high temperature-side compressor 31 is
reduced, and the refrigerant circulation amount of the
high temperature-side refrigerant circuit 3 is reduced.
[0080] According to this configuration, since a shell
temperature of the high temperature-side compressor 31
rises in a state where discharge pressure of the high tem-
perature-side compressor 31 is restrained from rising,
condensation of a refrigerant in the shell of the high tem-
perature-side compressor 31 is suppressed, and an oil
discharge amount is reduced.

[0081] Therefore, it is possible to avoid a case where
the high temperature-side compressor is damaged by
reduction in oilamountin the high temperature-side com-
pressor, and it is possible to suppress the standby elec-
tricity consumed for heating, by a heater, the shell of the
high temperature-side compressor 31 when it is under
suspension, and to secure the reliability of the apparatus.
[0082] When atemperature detected by the third tem-
perature sensor 53 becomes equal to or lower than a
predetermined temperature, the control apparatus 4 con-
trols such that the low temperature-side compressor 21
is started.

[0083] According to this control, it is determined that
the evaporation temperature of the refrigeration cycle in
the high temperature-side refrigerant circuit 3 becomes
equal to or lower than the predetermined temperature,
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and the operation of the refrigeration cycle in the low
temperature-side refrigerant circuit 2 is started. There-
fore, a heat absorbing source of the refrigeration cycle
in the high temperature-side refrigerant circuit 3 is sup-
plied in the cascade heat exchanger 22. Therefore, ex-
cessive reduction in suction pressure of the high temper-
ature-side compressor 31 is suppressed.

[0084] Therefore,itis possible to preventthe high tem-
perature-side compressor 31 from operating while de-
parting from the pressure using range, and to further en-
hance the reliability of the high temperature-side com-
pressor 31.

[0085] The control apparatus 4 controls such that a
circulation amount of a high temperature-side refrigerant
becomes equal to or lower than the predetermined value
until a superheat degree detected by the first superheat
degree detecting means 61 exceeds a predetermined
first superheat degree.

[0086] According to this control, the refrigeration cycle
is operated in a state where the circulation amount of the
high temperature-side refrigerant is small until the dis-
charged refrigerant or the high temperature-side com-
pressor 31 is brought into the superheated state where
it is possible to determine that condensation of the dis-
charged refrigerant in the shell of the high temperature-
side compressor 31 is completed. Hence, a discharge
amount of oil which is mixed with a condensed liquid re-
frigerant in the shell of the high temperature-side com-
pressor 31 is further reduced. Therefore, itis possible to
secure the reliability even under various installation con-
ditions such as a condition that a pipe is long.

[0087] The control apparatus 4 controls to adjust the
opening degree of the high temperature-side expansion
valve 33 such that the superheat degree detected by the
second superheat degree detecting means 62 becomes
equal to a predetermined second superheat degree.
[0088] According to this control, since a degree of an
evaporator outlet refrigerant of the refrigeration cycle in
the high temperature-side refrigerant circuit 3 becomes
equal to a predetermined superheat degree, a sucked
refrigerant of the high temperature-side compressor 31
is brought into the superheated state. Hence, the shell
temperature of the high temperature-side compressor 31
rises quickly, and the oil discharging phenomenon
caused by condensation in the shell is completed in a
short time. Therefore, the refrigeration cycle is started
swiftly and comfort is enhanced.

[0089] Although the shell of the high temperature-side
compressor 31 is provided with the first temperature sen-
sor 51 in Fig. 1, the first temperature sensor 51 may be
disposed anywhere between the high temperature-side
compressor 31 and the high temperature-side heat ex-
changer 32 and on a pipe through which a discharged
refrigerant flows.

[0090] Although the second temperature sensor 52 is
provided on the side of the inlet of the high temperature-
side heat exchanger 32 in the hot water circuit 7 in Fig.
1, the second temperature sensor 52 may be disposed
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anywhere in the hot water circuit 7.

[0091] Although the third temperature sensor 53 is pro-
vided on the side of the inlet of the cascade heat ex-
changer 22 in the high temperature-side refrigerant cir-
cuit 3 in Fig. 1, the third temperature sensor 53 may be
disposed anywhere at a position downstream of the high
temperature-side expansion valve 33 in the high temper-
ature-side refrigerant circuit 3 and at a position where
the high temperature-side refrigerant is always in the two
phase state.

[0092] Alternatively, the third temperature sensor 53
may be replaced by a pressure sensor. In this case, a
saturation temperature should be calculated from a de-
tection value of the pressure sensor using a refrigerant
physical property equation.

[0093] Although the first superheat degree detecting
means 61 calculates the discharge superheat degree
SHd using a detection value of heat exchanger first tem-
perature sensor 51 in the embodiment, the discharge su-
perheat degree SHd may be calculated by detecting
pressure and a temperature of the high temperature-side
discharged refrigerant.

[0094] The second superheat degree detecting means
62 calculates the suction superheat degree SHe based
on a temperature difference between the inlet refrigerant
temperature and the outlet refrigerant temperature of the
cascade heat exchanger 22 in the high temperature-side
refrigerant circuit 3. Alternatively, the second superheat
degree detecting means 62 may obtain the suction su-
perheat degree SHe by detecting pressure of the low
pressure-side refrigerant in the high temperature-side re-
frigerant circuit 3 and a temperature of the low pressure-
side refrigerant between the outlet of the cascade heat
exchanger 22 and the refrigerant suction pipe of the high
temperature-side compressor 31, and by subtracting a
pressure saturation temperature calculated by the refrig-
erant physical property equation from the detected tem-
perature of the low pressure-side refrigerant.

[0095] Although a water medium is heated by the re-
frigeration cycle in the high temperature-side refrigerant
circuit 3 in the embodiment of the invention, a heated
medium may be brine or air. The radiator 72 may be an
air heater, a radiator or a floor heating panel.

[Industrial Applicability]

[0096] The presentinvention is especially useful for a
hot water producing apparatus which produces hot water
by a refrigeration cycle apparatus and which utilizes the
hot water for hot water supply or a room-heating.
Claims

1. Arefrigeration cycle apparatus (1A) comprising:

a low temperature-side refrigerant circuit (2) in-
cluding a low temperature-side compressor (21)
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which compresses a low temperature-side re-
frigerant, a cascade heat exchanger (22) which
functions as a radiator of the low temperature-
side refrigerant, low temperature-side expand-
ing means (23), and a low temperature-side heat
exchanger (24) which functions as an evapora-
tor of the low temperature-side refrigerant;

a high temperature-side refrigerant circuit (3) in-
cluding a high temperature-side compressor
(31) which compresses a high temperature-side
refrigerant, a high temperature-side heat ex-
changer (32) which functions as a radiator of the
high temperature-side refrigerant, high temper-
ature-side expanding means (33), and the cas-
cade heat exchanger (22) which functions as an
evaporator of the high temperature-side refrig-
erant by radiation of the low temperature-side
refrigerant;

a first temperature sensor (51) which detects a
temperature of the high temperature-side com-
pressor (31) or atemperature of a high pressure-
side refrigerant pipe (36) extending to the high
temperature-side heat exchanger (32);

a second temperature sensor (52) which detects
a temperature of a heating medium which ex-
changes heat with the high temperature-side re-
frigerant in the high temperature-side heat ex-
changer (32); and

a control apparatus (4),

characterized in that when a temperature de-
tected by the second temperature sensor (52)
is higher than a temperature detected by the first
temperature sensor (51) by a predetermined
temperature difference or more, the control ap-
paratus (4) is configured to start the high tem-
perature-side compressor (31) and then, to start
the low temperature-side compressor (21),
wherein the refrigeration cycle apparatus further
comprises a

first superheat degree detecting means (61)
which detects a superheat degree of a refriger-
ant discharged from the high temperature-side
compressor (31) in the high temperature-side
refrigerant circuit (3), and

wherein the control apparatus (4) is configured
to reduce a circulation amount of the high tem-
perature-side refrigerant to a value equal to or
lowerthan a predetermined value and to operate
the refrigeration cycle apparatus until the super-
heat degree detected by the first superheat de-
gree detecting means (61) exceeds a predeter-
mined first superheat degree.

The refrigeration cycle apparatus according to claim
1, further comprising a third temperature sensor (53)
which detects a temperature of a low pressure-side
refrigerant in the high temperature-side refrigerant
circuit (3), wherein
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when a temperature detected by the third tempera-
ture sensor (53) becomes equal to or lower than a
predetermined temperature, the control apparatus
(4) is configured to start the low temperature-side
compressor (21).

The refrigeration cycle apparatus according to claim
1or 2, further comprising a second superheatdegree
detecting means (62) which detects a superheat de-
gree of a refrigerant flowing out from the cascade
heat exchanger (22) in the high temperature-side re-
frigerant circuit (3), wherein

the control apparatus (4) is configured to control a
flow rate of the high temperature-side refrigerant
flowing through the high temperature-side expand-
ing means (33) such that the superheat degree de-
tected by the second superheat degree detecting
means (62) becomes equal to a predetermined sec-
ond superheat degree.

A hot water producing apparatus using the refriger-
ation cycle apparatus (1A) according to any one of
claims 1 to 3, wherein

the heating medium is water or antifreeze liquid, and
the water or the antifreeze liquid heated by the high
temperature-side heat exchanger (32) is utilized for
hot water supply and/or a room-heating.

Patentanspriiche

Kuhlzyklusvorrichtung (1A), umfassend:

einen niedertemperaturseitigen Kaltemittelkreis
(2), enthaltend einen niedertemperaturseitigen
Kompressor (21), der ein niedertemperatursei-
tiges Kaltemittel komprimiert, einen Kaskaden-
Warmeaustauscher (22), der als ein Radiator
des niedertemperaturseitigen Kaltemittels fun-
giert, eine niedertemperaturseitige Expansi-
onseinrichtung (23) und einen niedertempera-
turseitigen Warmeaustauscher (24), der als ein
Verdampfer des niedertemperaturseitigen Kal-
temittels fungiert;

einen hochtemperaturseitigen Kaltemittelkreis
(3), enthaltend einen hochtemperaturseitigen
Kompressor (31), der ein hochtemperaturseiti-
ges Kaltemittel komprimiert, einen hochtempe-
raturseitigen Warmeaustauscher (32), der als
ein Radiator des hochtemperaturseitigen Kalte-
mittels fungiert, eine hochtemperaturseitige Ex-
pansionseinrichtung (33) und den Kaskaden-
Warmeaustauscher (22), der durch Strahlung
des niedertemperaturseitigen Kaltemittels als
ein Verdampfer des hochtemperaturseitigen
Kaltemittels fungiert;

einen ersten Temperaturfiihler (51), der eine
Temperatur des hochtemperaturseitigen Kom-
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1"

pressors (31) oder eine Temperatur einer hoch-
druckseitigen Kaltemittelrohrleitung (36) misst,
die sich zum hochtemperaturseitigen Warme-
austauscher (32) erstreckt;

einen zweiten Temperaturfiihler (52), der eine
Temperatur eines Erwdrmungsmediums misst,
das Warme mit dem hochtemperaturseitigen
Kaltemittelindem hochtemperaturseitigen War-
meaustauscher (32) austauscht; und

eine Steuerungsvorrichtung (4),

dadurch gekennzeichnet, dass, wenn eine
durch den zweiten Temperaturfihler (52) ge-
messene Temperatur um eine vorgegebene
Temperaturdifferenz oder mehr héher ist als ei-
ne durch den ersten Temperaturfihler (51) ge-
messene Temperatur, die Steuerungsvorrich-
tung (4) ausgelegt ist, den hochtemperatursei-
tigen Kompressor (31) zu starten und dann den
niedertemperaturseitigen Kompressor (21) zu
starten.

wobei die Kiihlzyklusvorrichtung weiter umfasst
eine erste Uberhitzungsgrad-Erfassungsein-
richtung (61), die ein Uberhitzungsgrad eines
Kaltemittels erfasst, das aus dem hochtempe-
raturseitigen Kompressor (31) im hochtempera-
turseitigen Kaltemittelkreis (3) abgegeben wird,
und

wobei die Steuerungsvorrichtung (4) ausgelegt
ist, ein Zirkulationsausmal} des hochtempera-
turseitigen Kaltemittels auf einen Wert gleich ei-
nem oder niedriger als ein vorgegebener Wert
zu reduzieren und die Kiihlzyklusvorrichtung zu
betreiben, bis das durch die erste Uberhitzungs-
grad-Erfassungseinrichtung (61) erfasste Uber-
hitzungsgrad ein vorgegebenes erstes Uberhit-
zungsgrad Uberschreitet.

Kuhlzyklusvorrichtung nach Anspruch 1, weiter um-
fassend einen dritten Temperaturfihler (53), der ei-
ne Temperatur eines niederdruckseitigen Kaltemit-
tels im hochtemperaturseitigen Kaltemittelkreis (3)
misst, wobei,

wenn eine durch den dritten Temperaturfihler (53)
gemessene Temperatur gleich oder niedriger wird
als eine vorgegebene Temperatur, die Steuerungs-
vorrichtung (4) ausgelegt ist, den niedertemperatur-
seitigen Kompressor (21) zu starten.

Kuhlzyklusvorrichtung nach Anspruch 1 oder 2, wei-
ter umfassend eine zweite Uberhitzungsgrad-Erfas-
sungseinrichtung (62), die ein Uberhitzungsgrad ei-
nes Kaltemittels erfasst, das aus dem Kaskaden-
Warmeaustauscher (22) im hochtemperaturseitigen
Kaltemittelkreis (3) strdmt, wobei

die Steuerungsvorrichtung (4) ausgelegt ist, eine
Durchflussrate des durch die hochtemperaturseitige
Expansionseinrichtung (33) strdmenden hochtem-
peraturseitigen Kéltemittels so zu steuern, dass das
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durch die zweite Uberhitzungsgrad-Erfassungsein-
richtung (62) erfasste Uberhitzungsgrad gleich ei-
nem vorgegebenen zweiten Uberhitzungsgrad wird.

Warmwassererzeugungsvorrichtung, verwendend
die Kuhlzyklusvorrichtung (1A) nach jedem der An-
spriiche 1 bis 3, wobei

das Erwdarmungsmedium Wasser oder Frostschutz-
flissigkeit ist und das Wasser oder die Frostschutz-
flissigkeit, durch den hochtemperaturseitigen War-
meaustauscher (32) erwarmt, fir Warmwasserver-
sorgung und/oder eine Raumheizung verwendet
wird.

Revendications

Appareil a cycle de réfrigération (1A) comprenant :

un circuit de réfrigérant (2) du c6té a basse tem-
pérature comprenant un compresseur (21) du
cbté a basse température, qui comprime un ré-
frigérant du cbété a basse température, un
échangeur de chaleur en cascade (22) quifonc-
tionne en tant que radiateur du réfrigérant du
coté a basse température, un moyen d’expan-
sion (23) du c6té a basse température et un
échangeur de chaleur (24) du c6té a basse tem-
pérature, qui fonctionne en tant qu’évaporateur
du réfrigérant du c6té a basse température ;
un circuit de réfrigérant (3) du c6té a haute tem-
pérature comprenant un compresseur (31) du
cbté a haute température, qui comprime un ré-
frigérantdu c6té a haute température, un échan-
geur de chaleur (32) du c6té a haute tempéra-
ture, qui fonctionne en tant que radiateur du ré-
frigérantdu coté a haute température, un moyen
d’expansion (33) du c6té a haute température
et 'échangeur de chaleur en cascade (22), qui
fonctionne en tant qu’évaporateur du réfrigérant
du cbté a haute température par radiation du
réfrigérant du c6té a basse température ;

un premier capteur de température (51), qui dé-
tecte une température du compresseur (31) du
cbté a haute température ou une température
du tube (36) de réfrigérant du cété a haute pres-
sion s’étendant vers|’échangeur de chaleur (32)
du cété a haute température ;

un second capteur de température (52), qui dé-
tecte une température d’un fluide caloporteur
qui échange la chaleur avec le réfrigérant du
coté a haute température dans I'échangeur de
chaleur (32) du c6té a haute température ; etun
appareil de commande (4),

caractérisé en ce que lorsqu’une température
détectée par le second capteur de température
(52) est supérieure a une température détectée
parle premier capteur de température (51) d’'une
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différence de température prédéterminée ou
plus, I'appareil de commande (4) est configuré
pour démarrer le compresseur (31) du cété a
haute température et, ensuite, démarrer le com-
presseur (21) du cbété a basse température,
sachant que I'appareil a cycle de réfrigération
comprend en outre

un premier moyen (61) de détection de degré
de surchauffe, qui détecte un degré de surchauf-
fe d’un réfrigérant rejeté depuis le compresseur
(31) du cété a haute température dans le circuit
(3) deréfrigérant du coté a haute température, et
sachant que l'appareil de commande (4) est
configuré pour réduire un volume en circulation
duréfrigérant du c6té a haute température a une
valeur inférieure ou égale a une valeur prédeé-
terminée et pour faire fonctionner I'appareil a
cycle de réfrigération jusqu’a ce que le degré de
surchauffe détecté par le premier moyen de dé-
tection (61) de degré de surchauffe dépasse un
premier degré de surchauffe prédéterminé.

Appareil a cycle de réfrigération selon la revendica-
tion 1, comprenant en outre un troisiéme capteur de
température (53), qui détecte une température d’'un
réfrigérant du c6té a basse pression dans le circuit
(3) de réfrigérant du c6té a haute température, sa-
chant que

lorsqu’'une température détectée par le troisieme
capteur de température (53) devient inférieure ou
égale a une température prédéterminée, I'appareil
de commande (4) est configurée pour démarrer le
compresseur (21) du coté a basse température.

Appareil a cycle de réfrigération selon la revendica-
tion 1 ou 2, comprenant en outre un second moyen
(62) de détection de degré de surchauffe, quidétecte
un degré de surchauffe d’un réfrigérant s’échappant
de I'échangeur de chaleur en cascade (22) dans le
circuit (3) de réfrigérant du coté a haute température,
sachant que

I'appareil de commande (4) est configurée pour com-
mander un débit du réfrigérant du coté a haute tem-
pérature circulant a travers le moyen d’expansion
(33) du cbté a haute température de sorte que le
degré de surchauffe détecté par le second moyen
(62) de détection de degré de surchauffe deviennent
égal a un second degré de surchauffe préedéterminé.

Appareil de production d’eau chaude utilisant I'ap-
pareil a cycle de réfrigération (1A) selon 'une quel-
conque des revendications 1 a 3, dans lequel

le fluide caloporteur est de I'eau ou un liquide antigel,
et 'eau ou le liquide antigel chauffé par I'’échangeur
de chaleur (32) du c6té a haute température est uti-
lisé pour I'approvisionnement en eau chaude et/ou
le chauffage de locaux.
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